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Background: Several studies suggest that most school-age children are poorly informed about cancer risk factors.
This study examines the effectiveness of the ‘Be smart against cancer’ (BSAC) program in promoting cancer
awareness and intentions to engage in health-promoting behavior.
Methods: 235 seventh-grade students were randomized to either the intervention (N = 152) or the wait-control
group (N = 83). The intervention included the modules: “What is cancer?,” “Sun protection,” “Non smoking,” and
“Physical activity, Healthy nutrition, and Limited alcohol consumption.” Outcomes measured at baseline and at the
end of the one week BSAC program included knowledge of cancer and its behavioral risk factors, health-promoting
intentions, and reported risk behavior.
Results: BSAC was effective in increasing knowledge about cancer and risk factors for cancer (p < .001), as well as in
increasing intentions to engage in health-promoting behavior (p < .001), independent of a student’s risk profile.
Knowledge did not serve as a mediator for intention building.
Conclusions: The BSAC is an effective school-based program for raising awareness of cancer, associated risk factors
and intentions to engage in cancer-preventive behavior. The results indicate that the effectiveness of BSAC is
independent of a student’s risk profile. Therefore, it holds considerable promise as a broadly applicable program to
raise cancer awareness and promote healthy behavior intentions.
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Although the overall incidence of cancer is rising, the
World Health Organization (WHO) estimates that one
third of all newly diagnosed cancers could be prevented
if behavioral factors such as smoking, limited physical
activity, unbalanced diet, alcohol consumption and ex-
cessive exposure to sunlight were changed [1-6].
Behaviors associated with increased cancer risk such as
smoking and alcohol consumption emerge during child-
hood and adolescence [7-9] and once established, they
contribute to cancer occurring later in life [10,11]. U.S.
data from the Youth Risk Behavior Surveillance 2009
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reproduction in any medium, provided the orand Examination Survey for Children and Adolescents
(KiGGS) and other European studies indicate that about
20% of high school students smoke cigarettes on a regular
basis. An even higher proportion of students, 30% -
60%, drink alcohol regularly. Furthermore, 80% of high
school students do not exercise regularly, and 10% are
obese [12-16].
Different concepts of cancer education programs for
adults which successfully increase knowledge and aware-
ness have been reported [17-19]. Considering that chan-
ging extreme and stable risk behaviors is a difficult task,
interventions would be most effective when directed at
children and adolescents before they began to experi-
ment with risk behavior [20,21]. Several studies suggest
that a majority of school age children are poorly in-
formed about cancer as well as preventive behavior
[22-24]. The National Cancer Institute identified schoolsLtd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly credited.
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[25]; school programs, however, often focus on only one
behavioral risk factor [26-29]. We, therefore, designed
the ‘Be smart against cancer’ (BSAC) program to target
multiple risk factors for adult-onset cancer simultan-
eously by encouraging healthy lifestyles in a format espe-
cially designed for schools. In a one-week curriculum,
the topics “What is cancer,” “Non smoking,” “Sun pro-
tection,” and “Physical activity, Healthy nutrition and
Limited alcohol consumption” are covered in a practical
manner for seventh-grade students. This age was chosen
for the intervention because it is a common time for the
initiation of risk behaviors [30,31], and these topics fit
into the 7th grade curriculum [32].
The aim of this study, which was run under the aus-
pices of the University Cancer Center Dresden (UCC), a
Comprehensive Cancer Center in the National Program
of German Cancer Aid [33] was to promote the aware-
ness of cancer-related risk factors and to increase the
intention to engage in protective behavior as a predictor
of actual behavior [34,35]. The effectiveness of BSAC in
improving knowledge about cancer and associated be-
havioral risk factors and in promoting intentions to en-
gage in protective behavior was tested in a randomized
wait-control group trial including each student’s cancer
risk profile as a variable in the analysis. Additionally, the
capacity of knowledge gain as a mediator for a change of
intentions was investigated.
Methods
The study is based on an experimental pre-post design
including an intervention group (IG) and a control
group (CG). The IG received the BSAC curriculum dur-
ing the school year 2008/2009 and the CG received no
intervention. CG and IG were built on school-level. Ef-
fects were measured within a pre-post comparison of IG
and CG. In the IG, the post-test was given at the last
day of the project, and in the CG four to five days after
the pre-test. BSAC was implemented in the CG the fol-
lowing school year without any further evaluation.
Research participants
Since a low socio-economic status (SES) is linked to high
levels of health-related risk behaviors [8,36,37], BSAC was
implemented in vocationally-oriented secondary schools.
Of vocational schools in Saxony (published online on
www.schuldatenbank.sachsen.de), 20 were randomly se-
lected using a random number table. Study personnel con-
tacted the principals of the schools, inviting them to take
part in the BSAC project. Eighteen agreed, of which three
schools were assigned to the CG, again using a random
number table.
The school district classified BSAC as part of health
education and the curriculum was delivered to all studentsin the IG. Thus, no consent for participation itself but for
the evaluation was necessary. There were no exclusion cri-
teria for students. Within the participating schools, con-
sent forms regarding pre and post assessments were
distributed to parents of all 729 seventh-grade students. A
total of 636 (87%) gave informed consent for their children
to be included in the study. In the IG some students did
not receive the full BSAC curriculum, e.g. schools decided
to participate only in two or three BSAC modules. A total
of 152 IG and 83 CG students were eligible for analysis
(29% of students allocated to the IG and 79% of students
allocated to the CG, Figure 1) because only schools in
which students completed all four modules were analyzed.
A few students were excluded due to drop-out at post-test
and a lack of internal plausibility (e.g. denying and admit-
ting regular smoking habits in the same questionnaire).
These 235 students (IG and CG) did not differ from stu-
dents excluded from analysis (IG and CG, n = 401) with re-
spect to the later defined risk-score (t(622) = 0.97, p = .33),
knowledge-score (t(634) = 0.002, p = .998), intention-score
(t(624) = 0.19, p = .85) at baseline and age (t(629) = − 0.46,
p = .64), but did differ with respect to gender (included:
59% male, excluded: 48% male; χ2(1) = 7.87, p = .01)
Instruments
To guarantee anonymity, all participating students used an
individual four-figure code on each questionnaire for both
the pre- and post-BSAC test. Due to the lack of an already
existing instrument to assess knowledge about cancer and
associated behavioral risk factors, the BSAC questionnaire
was developed. Based on Danaei et al. [3], relevant behav-
ioral risk factors were chosen and a set of items (actual be-
havior and behavioral intentions) was developed.
Experts in cancer and risk behavior revised the BSAC
questionnaire, which was pilot-tested in 25 7th-grade
students and modified thereafter. In addition to age and
gender, the questionnaire contained questions regarding
health-related behavior (BEH) in 6 areas: engaging in
physical activity; applying sun lotion in the summer;
smoking cigarettes; eating fruits and vegetables; eating
sweets and drinking soft drinks; drinking alcohol, using
a three or four-point response scale. There were also
multiple-choice items with three response options testing
knowledge reflecting the contents of the BSAC curriculum
(KNO; 21 items), as well as intention to engage in protect-
ive behavior was assessed (INT; 6 items; eg: “in the next
months, I intend to be physically active for at least 30 mi-
nutes,” “apply sun lotion,” “not smoke/smoke less,” “eat
more fruits and vegetables,” “eat no/less sweets and drink
no/less soft drinks,” and “drink no/less alcohol”), using a
four-point response scale (Table 1).
A risk-score was created based upon a combination of
the six adolescent risk behaviors investigated [38]. Risk be-
haviors were dichotomized along guidelines for adolescent
Enrollm
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Follo
w
 
-Up
Analysis
Students assessed for eligibility (n= 729)
Excluded (n=93)
Not meeting inclusion criteria (n=0)
Parental consent forms not returned (n=80)
Not present at pretest (n=13)
Randomization on school-level
(18 schools, n=636)
Allocated to intervention group
(15 schools, n=531)
Received complete intervention
(6 schools, n=192)
Did not receive intervention (not all four
modules were administered)
(11 schools, n=339)
Allocated to wait-control group
(3 schools, n=105)
Received allocated intervention
(=no intervention) (n=105)
Did not receive allocated intervention
(n=0)
Lost to follow-up (post-test not filled out)
(n=9)
Discontinued intervention (n=0)
Lost to follow-up (n=0)
Discontinued intervention (n=0)
Analyzed (n=152)
Excluded from analysis (missing
internal plausibility) (n=31)
Analyzed (n=83)
Excluded from analysis
(missing internal plausibility) (n=22)
Schools assessed for eligibility (20 schools)
Excluded (2 schools)
Not meeting inclusion criteria (n=0)
Principals declined to participate (2 schools)
Figure 1 Modified CONSORT study flow diagram of study enrollment, allocation and analysis.
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ceived a value of ‘1’ for each risk behavior present (i.e. no
sports or physical activity in leisure times, no usage of sun
lotion in the summer, any rate of smoking within the last
three months, consumption of fruits/vegetables less than
twice a week, daily consumption of sweets or soft drinks,
any consumption of alcohol within the last three months).
A value of ‘0’ indicated absence of a certain risk behavior.
Values were summed up into a risk-score ranging from ‘0’
(no risk behavior present) to ‘6’ (all risk behaviors present).
Correct responses to the knowledge items were summed
up into a knowledge-score with a range from ‘0’ to ‘21’. The
intention-score was also created by summing responses
(range ‘0’ to ‘18’). Retest-reliability of the final scales was
tested on the CG, and was satisfactory (risk-score: r = .92,
p < .001; knowledge-score: r = .75, p < .001; intention-score:
r = .74, p < .001). Internal consistency was α = .37 for the
risk-scale, α = .35 for the knowledge-scale and α = .62 for
the intention-scale. Correlations between the risk-score and
the knowledge-score (r = −.12, p = .07), between the risk-
score and the intention-score (r = −.47, p < .001), and be-
tween the knowledge-score and the intention-score (r < .01,
p = .97) indicated discriminant validity of the scales.Procedure
The BSAC curriculum is taught in one week and covers
cancer and lifestyle factors associated with cancer risk re-
duction. The four modules are “What is cancer?,” “Non
smoking,” “Sun protection,” and “Physical activity, Healthy
nutrition and Limited alcohol consumption.” Each module
requires one school day. A fifth day is used for recapitulat-
ing the project. All of the modules are organized similarly,
with a short introduction, the specific content, and a re-
hearsal and summary of the module. Handouts are pro-
vided including the most important facts for the students.
The BSAC curriculum is based on the Theory of
Planned Behavior [34]. All components and exercises are
therefore designed to foster subjective norms, attitudes
and perceived control over the actions concerning the spe-
cific preventive behaviors. Teaching materials were cre-
ated by German Cancer Aid (Deutsche Krebshilfe e.V.),
and were enhanced by medical and educational experts
working at the UCC. A variety of didactic methods, such
as information, class discussion, role-play, quiz, panto-
mime, group-work and video clips were used to enhance
the social-cognitive prerequisites of intentions as well as
the transmission of knowledge.
Table 1 Examples for BSAC questionnaire items
Topic Item Response scale
Smoking:
Behavior Have you been smoking within the last three months? not at all/1-2x per week/3-4x per week/(almost) daily
Knowledge Second hand smoking means… smoking another person’s cigarette/only infrequently
smoking/inhaling the smoke of another person’s cigarette
Intention I intend to smoke less/stop smoking. not right/unlikely/likely/right
Alcohol:
Behavior Have you been drinking alcohol within
the last three months?
not at all/1-2x per month/1-2x per week/more than twice a week
Knowledge One should only drink alcohol… seldom and in small quantities/only late at night/best with solid food
Intention I intend to drink less/not at all. not right/unlikely/likely/right
Physical activity:
Behavior How often are you physically active in your leisure time? not at all/1-2x per week/more than 2x per week
Knowledge How often should a person be physically
active for at least 30 minutes?
3-4x per week/daily/2-3x per week
Intention I intend to be physically active each day for
at least 30 minutes.
not right/unlikely/likely/right
Sun protection:
Behavior Do you use sun lotion during the summer? not at all/sometimes/always
Knowledge What is an important factor for the development
of skin cancer?
unclean skin/air pollution/UVA and UVB-radiation in the sunlight
Intention I intend to use sun screen more often during the summer not right/unlikely/likely/right
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sion about social norms (e.g. “My friends think being sun-
tanned is pretty and healthy”) and attitudes (e.g. “I think
sun-protection is important”) was conducted. A role-play
supported perceived control over sun-protective behavior
since practical training encourages the execution of ac-
tions. Students were informed about risks and use of the
sun-light via a short video clip and tested on the benefits
of different sun-protective behaviors via an interactive
computer animation. Table 2 lists the topics and didactic
methods used within each module.
The BSAC teaching team consisted of members of the
UCC and was trained by a teaching-experienced member
of the UCC-Cancer Awareness Group. A manual provided
all necessary facts about cancer and related risk factors
and described the implementation of the curriculum.
Data analysis
Group differences in continuous variables were assessed
using t-Tests. Fisher’s exact test was used for dichotom-
ous variables. One-way analysis of variance (ANOVA) was
used to compare IG and CG at pre-test. Effects of the im-
plemented curriculum regarding knowledge (pre-post dif-
ference) and intentions (pre-post difference) were tested
using General linear mixed model (LMM) with experi-
mental group (IG vs. CG) and risk-score (dichotomized
into risk-score ≤ 1 vs. risk-score ≥ 2) as fixed effects, school
as a random effect and pre-test scores as covariates.Pearsons r was calculated for the relationship between risk
behavior, pre-test-scores and pre-post-differences of
knowledge and intentions (IG sample only).
A mediation analysis (SOBEL, Version 3.6) to predict
the intention to engage in protective behavior was ap-
plied with the experimental group as independent vari-
able and knowledge as a mediator [40].
Differences in risk behavior at baseline between boys
and girls of the IG were tested using a t-Test. Differ-
ences in knowledge gain and increase of intention were
tested using LMM with gender and risk-score (dichoto-
mized) as fixed effects, school as a random effect, and
pre-test scores as covariates. Pearsons r was calculated
for the relationship between age and risk behavior, gain
in knowledge and increase of intention. Two-tailed tests
were used and all statistics were performed using SPSS,
Version 17.0 (SPSS Inc, Chicago, USA).
Human subjects approval statement
The study was approved by the ethical board of the
Technical University Dresden.
Results
In total 235 students provided complete data at baseline.
The students in both the IG and CG had a mean age of
13 years (range 12 to 15 years), and 41% of the partici-
pants were female. Table 3 shows significant negative re-
lationships between risk-score and intentions to engage
Table 2 Topics of BSAC modules
Module Topic Methods and content
What is cancer? Cancer development Class discussion about student’s knowledge of cancer;
information about cancer development on cell level
Cancer treatment Information on chemotherapy, radiation therapy, surgery
Risk factors Information about the ones capable of being influenced
such as smoking and alcohol and the ones not capable
of being influenced such as age
Sun protection Positive and negative effects of UV-radiation Information about Vitamin D production on one hand,
elevated risk of skin damage and ultimately skin cancer
on the other hand; discussion about these effects
Skin types Interactive animation: Students check their own skin type
and their associated need for sun protection
ABCD-Check for Melanoma Information and training of ABCD-rules
Sun protection guidelines Short video and role-play: Information and
trainings of sun protection; discussion about
attitudes towards sun-protection
Non smoking Effects of smoking on one’s health and
other important facts about smoking
Information about effects of smoking; a class discussion
about own/friend’s/families smoking experiences of each
student and evaluation of its associated risks
Reasons for non-smoking Group work: Finding individual reasons for non-smoking,
then adding further reasons out of a list together as a group
Physical activity, Healthy nutrition
and Limited alcohol consumption
Physical activity Short quiz: How long do we have to be physically active?
Pantomime (3 students show forms of physical activity
for the other students to guess): This is physical activity already?
Handy exercises for in-classroom time: How can I be
physically active in school?
Healthy nutrition The food pyramid for kids: Students fill in the different
steps of the pyramid
Classroom game: Right and wrong statements on nutrition
Group-work: Healthy eating for a week – not difficult at all
Short video on healthy nutrition: Summing it up
Limited alcohol consumption Information and discussion: Alcohol as risk factor for cancer
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scores and differences each in knowledge and intentions.
Risk behavior
With regard to the six defined risk behaviors, 57% of the
students in the CG and IG reported consumption of al-
cohol during the last three months, 25% stated (almost)
daily consumption of sweets, and 14% reported not toTable 3 Correlations (Pearsons r) of risk-score, pre-test scores
(IG-sample)
Risk-score Knowledge-score (pre) Inte
Risk-score 1 -.12
Knowledge-score (pre) - 1
Intention-score (pre) - -
Difference knowledge - -
Difference intention - -
*p < .01.be engaged in any physical activity in their leisure time
(Table 4). Limited consumption of fruits and vegetables
was reported by 17%, no application of sun lotion by 5%,
and smoking by 6% of the students. Regarding the over-
all risk-score, 29% of the students showed a risk-score of
zero, reporting no risk behavior at all. More than a third
of the students (36%) reported one risk behavior only.
No students reported five or more risk behaviors.and pre-post differences of knowledge and intention
ntion-score (pre) Difference knowledge Difference intention
-.47* .08 .01
-.06 -.66* .17
1 -.01 -.49*
- 1 -.07
- - 1
Table 4 Demographic characteristics, risk behavior, knowledge, and intentions across the Intervention group and
control group participants
Total
N = 235
CG IG Tests for significance
n = 83 n = 152
CG pre CG post* IG pre IG post*
Demographic characteristics Group difference
Gender χ2(1) = .74 p = 0.41
Male [n (%)] 139 (59) 46 (55) - 93 (61) -
Female [n (%)] 96 (41) 37 (45) - 59 (39) -
Age [mean (SD)] 13 (0.7) 13 (0.5) - 13 (0.7) - t (1,219) = −0.91 p = .27
Risk behavior [n (%)] Group difference
Physical inactivity 32 (14) 12 (15) - 20 (13) - χ2(1) = 0.08 p = .84
No sun protection 11 (5) 3 (4) - 8 (5) - χ2(1) = 0.33 p = .75
Smoking 15 (6) 7 (8) - 8 (5) - χ2(1) = 0.88 p = .41
Insufficient intake of fruits/vegetables 41 (17) 18 (22) - 23 (15) - χ2(1) = 1.60 p = .21
Daily intake of sweets 59 (25) 23 (28) - 36 (24) - χ2(1) = 0.43 p = .53
Drinking alcohol 133 (57) 53 (65) - 80 (53) - χ2(1) = 3.53 p = .07
Risk score [n (%)] Group difference
0 66 (29) 20 (25) - 46 (31) -
1 84 (36) 25 (31) - 59 (39) -
2 50 (22) 23 (28) - 27 (18) -
3 23 (10) 11 (14) - 12 (8) -
4 8 (3) 2 (2) - 6 (4) -
5 0 0 - 0 -
6 0 0 - 0 -
Mean (SD) 1.2 (1.1) 1.2 (1.1) - 1.4 (1.1) - F (1,229) = 2.40 p = .12
Knowledge [mean (SD)] - 13.4 (2.6) 13.2 (2.7) 12.8 (2.5) 17.5 (2.1) Group difference at pre-test F(1,233) = 2.38 p = .12
Main effect: Experimental group F(5,975) = 136.22 p < .001
Main effect: Risk behavior F(212,696) = 0.09 p = .76
Interaction: Group x Risk behavior F(212,745) = 2.03 p = .16
Intention [mean (SD)] - 13.6 (3.2) 13.3 (3.6) 14.6 (2.5) 15.7 (2.5) Group difference at pre-test F(1,229) = 4.14 p = .04
Main effect: Experimental group F(5,772) = 16.93 p < .001
Main effect: Risk behavior F(199,196) = 8.32 p < .01
Interaction: Group x Risk behavior F(199,54) = 0.33 p = 0.57
*Regarding Demographic characteristics, Risk behavior and Risk-score only pretest data are analyzed.
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scores which did not differ significantly between groups
(p = .12). There was no significant difference between
girls and boys regarding the risk-score (t (216) = 0.006,
p = .995), but a significant correlation between age and
risk-score (r = .19, p < .01).
Knowledge
Knowledge about cancer and associated behavioral risk
factors was significantly increased by the curriculum as
compared to the control group (p < .001; Table 4).
While there was a slight decrease in the CG, the
knowledge-score increased in the IG. There was neithera significant main effect for the risk-score (p = .76) nor a
significant interaction effect between experimental
group and risk-score regarding the gain in knowledge
(p = .16). Knowledge at pre-test was a significant covari-
ate (p < .001).
Girls and boys in the IG did not differ significantly re-
garding the gain of knowledge (p = .97). As stated above,
there was neither a significant main effect for the risk-
score (p = .64) nor an interaction between gender and
risk-score (p = .30), but knowledge at pre-test served as a
significant covariate (p < .001). The correlation between
age and the effectiveness regarding knowledge (r = −.04,
p = .65) was not significant.
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At pre-test, the intention-score to engage in protective be-
havior differed between CG and IG (p = .04), showing a
higher intention in the IG. Nevertheless, a significant
intervention effect was observed for the intention-score
(p < .01; Table 4) with an even higher level of intention for
the IG at post-test. [41] There was a significant main effect
for the risk-score (p < .01) but no significant interaction
between experimental group and risk-score regarding the
promotion of intentions. The intention-score at pre-test
served as a significant covariate (p < .001).
Girls and boys in the IG did not differ significantly re-
garding the promotion of intention (p = .91). Again, there
was a significant main effect for the risk-score (p < .01), but
no interaction between gender and risk-score (p = .83). The
intention-score at pre-test served as a significant covariate
(p < .001). The correlation between age and effectiveness re-
garding intention (r = .03, p = .74) was not significant.
Prediction of intention
The mediation analysis indicates a significant total effect
of the experimental group on the promotion of intention
(b (YX), p < .001), which is not mediated by the gain of
knowledge (b (YM.X), p = .48), (Table 5).
Discussion
Certain risk behaviors established during adolescence, such
as smoking, limited physical activity, unbalanced diet, alco-
hol consumption, and excessive exposure to sunlight, may
have severe consequences in adulthood and may increase
cancer risk [3]. Although health education has led to in-
creased public awareness, the knowledge about some risk
factors and their consequences has yet to be established
among young adolescents [22,24]. Comparable to other
programs, BSAC successfully implements knowledge about
cancer and associated risk behaviors [17,18,23].
In addition to raising awareness, BSAC also effectively
boosted health-promoting intentions. However, we found
no mediating effect of knowledge on intentions. Other
possible mediators such as social-cognitive determinants
are discussed below. Since these variables have not been
assessed, the discussion is speculative.
According to the Theory of Planned Behavior, intentions
for behavior change are influenced by social-cognitiveTable 5 Mediation analysis on intention
(pre-post difference)
Coeff SE Tests for significance
b (YX) −1.415 0.306 t = −3.978 p < .001
b (MX) −4.634 0.340 t = −13.628 p < .001
b (YM.X) −0.051 0.073 t = −0.704 p = .48
b (YX.M) −1.652 0.490 t = −3.369 p < .001
X = experimental group, M = pre-post difference of knowledge-score,
Y = pre-post difference of intention-score.determinants such as subjective norms, attitudes and per-
ceived behavior control [36]. As described above, these
were addressed by the intervention. Other possible deter-
minants of intention-building are described by the Health
Action Process Approach (HAPA) [35] in which outcome
expectancies and task self-efficacy play a crucial role in
what people choose to do. Perceived risk may also stimu-
late intentions to adopt, initiate or maintain health behav-
iors. For Fischoff on the other hand, deciding to engage in
health-promoting behavior depends on components as
identifying alternative options and possible consequences
[42]. All these variables may have been affected by the
BSAC curriculum and some constructs might even over-
lap, for example perceived behavior control and self-
efficacy. Thus, the role-play about sun-protection, designed
to support perceived control and positive attitudes towards
sun-protection, may also boost student’s self-efficacy to
perform the desired behavior or outcome expectancies to-
wards the judgment of peers. In summary, the mediating
mechanisms of successfully fostered health-promoting in-
tentions by BSAC remain hypothetical.
Good intentions cannot always be translated into cor-
responding actions, since various factors can be com-
promising [35]. As described in the HAPA-model,
action planning, self-efficacy as well as situational deter-
minants, e.g. barriers may play an important role. For
adolescent smokers, intentions were found to predict
planning. On the other hand, planning serves as a pre-
dictor for actual behavior. One possibility to foster self-
efficacy and to overcome barriers in school settings
might be the initiation of class-level projects. A contest
of projects with students working on a specific cancer
related risk behavior such as smoking is currently con-
ducted by the UCC Prevention Center.
Almost one third of the participants reported no risk be-
havior at all and more than one third only one risk behav-
ior. As described in other studies [11,43] there is also a
significant number of students showing more than one
risk behavior, thereby suggesting a co-occurrence of risk
behaviors. Similar to the results of the KiGGS and the
YRBS, alcohol consumption during the last three months
was the most frequently reported risk behavior [14,15]. Al-
cohol consumption was followed by unhealthy eating
habits and insufficient physical activity. However, only few
students in this study engaged in risk behaviors, thus lim-
iting the power of the program to reduce risk behaviors.
The BSAC-program might therefore be successful at
maintaining sufficient health behaviors rather than im-
proving inadequate behaviors.
The role of actual risk in the process of changing inten-
tions is controversial. Some studies suggest that risk be-
havior undermines the commitment to behavior change
[44]. Data from the present study confirm a negative rela-
tionship between actual risk behavior and the willingness
Stölzel et al. BMC Public Health 2014, 14:392 Page 8 of 9
http://www.biomedcentral.com/1471-2458/14/392to engage in health-promoting behavior at baseline. Thus,
students with a higher risk profile reported lower inten-
tions to engage in health-promoting behavior. However,
for students with low and high risk profiles, the program
was equally able to raise the intentions as well as know-
ledge. These results suggest that the program is suitable
for addressing both students with lower and higher risk
profiles.
Limitations
Due to practical issues, there was no randomization pro-
cedure on the individual-level. Experimental groups are
based on natural groups (class-level). Therefore, the influ-
ence of confounding factors not assessed cannot be ruled
out. Furthermore, self-reports are prone to several kinds
of biases, such as social desirability [45]. No power calcu-
lation has been conducted beforehand; the authors con-
ducted a post-hoc power calculation for the smallest
interaction effect, resulting in a power of 0.8. The scales
risk and knowledge shared a low internal consistency. The
risk scale might suffer from a basement effect and know-
ledge and intention scales at post-test might show ceiling
effects. One of the three schools in the control group did
not complete the post-test on day five but on day four due
to school internal reasons. Different measurement intervals
bear the risk of influencing the observed outcomes. How-
ever, regarding risk-score, knowledge-score, and intention-
score no differences between the four-day and the five-day
measurement interval could be found. The study lacks a
follow-up, which limits the explanatory power. Since
the main focus of the curriculum was to promote aware-
ness and intention, a change of behavior over the long
term was not evaluated. Social-cognitive determinants of
intention-building have not been assessed, thus limiting
our ability to test for further mediating effects.
Conclusions
The BSAC program was effective in raising awareness
about cancer and its associated risk factors as well as
health-promoting intentions. Since an integration of these
topics into the official school curriculum is difficult,
this project is one option to impart cancer knowledge
in this age group. The results indicate that the effect-
iveness of BSAC is independent of the students’ risk
profile and can therefore be implemented as a suitable
program raising cancer awareness and health-promoting
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